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VEHICLE WET-TYPE MULTI-PLATE BRAKE
DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vehicle wet-type multi-
plate brake device which is applicable to various vehicle
brake devices including industrial vehicle brake devices and
in which a mating plate attached to a frame support connected
to an axle housing is configured to engage with or disengage
from a friction plate attached to a brake hub connected to an
axle shaft, and more particularly to, a vehicle wet-type multi-
plate brake device provided with an automatic control mecha-
nism for constantly maintaining a piston stroke of a hydraulic
piston upon operating a brake.

2. Description of the Related Art

Among brake devices used for wheeled industrial vehicles
such as a forklift and a vehicle for a specialized operation, a
wet-type multi-plate brake is widely used in which a mating
plate is configured to engage with or disengage from a friction
plate by the use of a hydraulic piston.

In such a wet-type multi-plate brake, when the mating plate
orthe friction plate is abraded, a piston stroke of the hydraulic
piston is changed, thereby causing a problem in that a braking
time or a non-braking time after a brake operation is changed,
a driving feeling is deteriorated, and then a necessary oil
quantity is increased.

For this reason, as the conventional solution methods, there
are disclosed a method of constantly maintaining a piston
stroke by controlling a quantity of operation oil itself supplied
to a hydraulic piston, a method of constantly maintaining a
piston stroke by the use of a returning force of a sliding
resistance produced in a piston seal of a hydraulic piston, and
the like.

However, in the method of controlling the supplied oil
quantity, it is disadvantageous in that an attachment space and
a cost increase largely due to an increase in size of a device.
Additionally, since there is a limitation in regulation amount
in a stroke regulation using the piston seal, when the number
of brake plates increases, a problem arises in that drag or the
like occurs.

Additionally, a multi-plate brake device mounted with an
automatic control mechanism for constantly maintaining a
piston stroke of a hydraulic piston upon operating a brake is
disclosed in, for example, Patent Document 1 (Japanese
Patent Application Laid-Open No. 2000-304078).

As shown in FIG. 4, the technique disclosed in Patent
Document 1 has a configuration in which an annular piston 04
is provided in order to operate a brake in such a manner that
a disk-shape inner disk 02 and an annular outer disk 03
constituting a disk brake 01 engage with each other in a
friction state, and a hydraulic pressure is supplied to an oil
chamber 05 provided in rear of the piston 04 upon operating
the brake.

Further, a hole 07 is provided so as to be opened toward an
extending portion 06 of the piston 04, and a sleeve 08 is fitted
to the hole 07 in a friction-engage state. Then, a bar 09 is
inserted through a center portion of the sleeve 08 with a gap
therebetween in a circumferential direction. One end of the
bar 09 is screw-connected to the extending portion 06 of the
piston 04 by a screw-connecting portion 010. Additionally,
the other end of the bar 09 is provided with a head portion 011
opposed to the inner end surface of the sleeve 08 with a
predetermined gap A therebetween.

Then, a sliding resistance produced by the friction-engage-
ment between the hole 07 and the sleeve 08 is set to allow the
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sleeve 08 to advance when the piston 04 advances again in a
state where the piston 04 advances by the predetermined gap
A in terms of a hydraulic action and the head portion 011
engages with the end surface of the sleeve 08, but is set not to
allow the sleeve 08 to recede when the piston 04 is receded by
a return spring 012 upon removing the hydraulic pressure.

Accordingly, the sleeve 08 displaces in an advancing direc-
tion by the friction amount produced by the disks 02 and 03,
and the gap A is constantly maintained all the time. For this
reason, even when the disk 02 and 03 are abraded, the stroke
of' the piston 04 is constantly maintained all the time.

However, the automatic control mechanism for controlling
the piston stroke of the hydraulic piston disclosed in Patent
Document 1 (Japanese Patent Application Laid-Open No.
2000-304078) has the following problems to be solved.

Since the piston 04 is configured as one annular member,
the contact surface of the piston 04 against the disks 02 and 03
is easily distorted. Accordingly, the motion of the piston 04
using the hydraulic pressure supplied to the oil chamber 05
cannot act uniformly in an axial direction. Also, the motion of
the piston 04 cannot be high-precisely carried out in consid-
eration of the abrasion states of the disks 02 and 03. For this
reason, it is difficult to obtain the automatic control mecha-
nism in which the movement stroke of the piston 04 is high-
precisely set in consideration of the abrasion states of the
disks 02 and 03.

That is, in order to maintain the predetermined gap A
shown in Patent Document 1, the initial position of the sleeve
08 is set by the returning force of the return spring 012.
However, since the return spring 012 urges the outer disk 03,
urges the piston 04, and then urges the sleeve 08 via the piston
04, the initial position of the sleeve 08 is unstably determined
upon returning the return spring 012, thereby causing a prob-
lem in that the stroke cannot be controlled with high preci-
sion.

Additionally, since the return spring 012 acts on the outer
disk 03, when a return spring having a large spring constant is
set in order to reliably return the piston 04, a force of the
return spring increases with the abrasion states of the brake
disks 02 and 03, thereby causing a problem in that a driving
feeling is deteriorated.

Then, since an axial force of the sleeve 08 is controlled by
the fitting state, it is difficult to carry out processing and
assembling operations. Also, when the abrasion occurs in age,
a function is damaged.

SUMMARY OF THE INVENTION

Therefore, the present invention is contrived in consider-
ation of the above-described problems, and an object of the
invention is to provide a vehicle wet-type multi-plate brake
device capable of realizing an automatic control mechanism
having a simple configuration and constantly maintaining a
piston stroke of a hydraulic piston, the mechanism being
reliably operated. Accordingly, it is possible to provide the
vehicle wet-type multi-plate brake device which prevents
brake dragging at a starting time and prevents loss torque at a
starting time, thereby reducing deterioration in fuel efficiency
and improving a driving feeling.

In order to achieve the above-described object, according
to an aspect of the invention, there is provided a vehicle
wet-type multi-plate brake device in which a mating plate
attached to a frame support connected to an axle housing is
configured to engage with or disengage from a friction plate
attached to a brake hub connected to an axle shaft by the use
of'ahydraulic piston, a plurality of the hydraulic pistons being
provided in a circumferential direction around a brake center
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and each hydraulic piston being provided with an oil chamber
to which operation oil acting on the hydraulic piston is sup-
plied, wherein an annular piston sleeve is slidably provided
between an inner-peripheral surface of a hydraulic pistonhole
accommodating the hydraulic piston and an outer-peripheral
surface of the hydraulic piston, wherein the piston sleeve has
a sliding resistance so as to move together with the hydraulic
pistonupon supplying a hydraulic pressure to the oil chamber,
wherein a return plate urged by a returning force is disposed
s0 as to be capable of coming into contact with a front end of
the piston sleeve and of moving by a predetermined distance,
and wherein upon supplying the hydraulic pressure to the oil
chamber, the hydraulic piston and the piston sleeve move
together by the predetermined distance against the returning
force of the return plate, and then only the hydraulic piston
slides until coming into contact with a brake plate so that a
positional relationship between the piston sleeve and the
hydraulic piston is controlled to constantly maintain a piston
stroke of the hydraulic piston.

According to the invention, in the vehicle wet-type multi-
plate brake device in which the plurality of hydraulic pistons
is provided in a circumferential direction around the brake
center and each hydraulic piston is provided with the oil
chamber to which the operation oil acting on the hydraulic
piston is supplied, the piston sleeve is provided for each of the
plurality of hydraulic pistons provided in a circumferential
direction, thereby forming the automatic control mechanism
for constantly controlling the piston stroke of the hydraulic
piston. Accordingly, a piston operation error (stick) more
hardly occurs than the automatic control mechanism using
one annular hydraulic piston according to the conventional
art, thereby obtaining the stable and high-precise automatic
control mechanism.

That is, according to the present invention, the annular
piston sleeve is slidably provided between the inner-periph-
eral surface of the hydraulic piston hole accommodating the
hydraulic piston and the outer-peripheral surface of the
hydraulic piston. The piston sleeve has the sliding resistance
s0 as to move together with the hydraulic piston upon sup-
plying the hydraulic pressure to the oil chamber. The return
plate urged by the returning force is disposed so as to be
capable of coming into contact with the front end of the piston
sleeve and of moving by the predetermined distance. Upon
supplying the hydraulic pressure to the oil chamber, the
hydraulic piston and the piston sleeve move together by the
predetermined distance against the returning force of the
return plate, and then only the hydraulic piston slides until
coming into contact with the brake plate.

Then, when the hydraulic pressure is opened, the hydraulic
piston and the piston sleeve having a predetermined posi-
tional relationship therebetween return together by the pre-
determined distance by the use of the returning force of the
return spring attached to the return plate, thereby becoming
an initial state.

When the brake is operated again, the piston sleeve just
slides on the return plate, and the positional relationship
between the piston sleeve and the hydraulic piston is main-
tained at the predetermined relationship. When the brake
plate is abraded, the hydraulic piston slightly slides in an
advancing direction, and a total stroke (movement oil quan-
tity) is constantly maintained.

In this manner, since it is possible to constantly maintain
the piston stroke of the hydraulic piston, it is possible to
reduce the deterioration in fuel efficiency by preventing the
brake dragging at the starting time and the high-speed driving
time and by preventing the loss torque. Also, it is possible to
constantly maintain the piston operation oil quantity.
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Then, since the return plate urged by the returning force
returns to the initial position by directly coming into contact
with the piston sleeve, it is possible to accurately set the initial
position and thus to obtain the automatic control mechanism
with high precision.

In the vehicle wet-type multi-plate brake device with the
above-described configuration, a first piston seal may be pro-
vided on an outer-peripheral side of the piston sleeve and a
second piston seal may be provided on an inner-peripheral
side of the piston sleeve; and a sliding resistance of the second
piston seal may be larger than that of the first piston seal.

According to the invention, since the sliding resistance of
the second piston seal provided on the inner-peripheral side of
the piston sleeve is larger than that of the first piston seal
provide on the outer-peripheral side of the piston sleeve, the
hydraulic piston and the piston sleeve are simultaneously
capable of sliding on the inner-peripheral surface of the
hydraulic piston hole.

Specifically, the first piston seal is formed of seal material
such as Teflon (trade mark), and the first piston seal is fitted to
a concave groove provided in the outer periphery of the piston
sleeve. The second piston seal is formed of seal material such
as rubber, and the second piston seal is fitted to a concave
groove provided in the outer periphery of the hydraulic pis-
ton. Then, the second piston seal is formed in a rectangular
shape in a sectional view so that a sliding resistance against
the piston sleeve becomes larger.

In the vehicle wet-type multi-plate brake device with the
above-described configuration, the plurality of hydraulic pis-
tons provided in a circumferential direction around the brake
center may be equally arranged in a vehicle-longitudinal
direction centered on the brake center; the return plate may be
urged by the returning force of the return spring; and the
return spring may be equally disposed in a vehicle-longitudi-
nal direction centered on the brake center.

In the above-described configuration, since the hydraulic
piston and the return spring are equally arranged in a vehicle-
longitudinal direction centered on the brake center, it is pos-
sible to uniformly apply the brake force using the hydraulic
piston to a vehicle wheel and to reliably carry out the return-
ing action of the piston sleeve for each hydraulic piston with-
out deviation. Accordingly, it is possible to obtain the brake
device provided with the stable and high-precise automatic
control mechanism for controlling the piston stroke of the
hydraulic piston.

In the vehicle wet-type multi-plate brake device with the
above-described configuration, the return plate may be
formed in an annular shape; a piston through-hole, through
which the hydraulic piston is inserted, may be perforated in a
circumferential direction so as to correspond to a position of
the hydraulic piston; and a piston sleeve contact portion may
be formed by an opening peripheral portion of the piston
through-hole so as to come into contact with the front end of
the piston sleeve.

Inthe above-described configuration, since the return plate
is configured as an annular plate member, the piston through-
hole is perforated in the plate member in a circumferential
direction, and then the piston sleeve contact portion is formed
by the opening peripheral portion of the piston through-hole
s0 as to come into contact with the front end of the piston
sleeve, it is possible to obtain the automatic control mecha-
nism for reliably controlling the piston stroke of the hydraulic
piston with a simple configuration.

In the vehicle wet-type multi-plate brake device with the
above-described configuration, a sliding range of the return
plate may be constantly maintained by the use of end surfaces



US 8,272,483 B2

5

of'a piston housing and a brake housing. With such a configu-
ration, it is possible to reliably set the predetermined distance
with a simple configuration.

According to the invention, in the vehicle wet-type multi-
plate brake device which includes the plurality of hydraulic
pistons provided in a circumferential direction around the
brake center and the oil chamber provided for each hydraulic
piston so as to supply operation oil thereto, the automatic
control mechanism is realized which have a simple configu-
ration and constantly maintains the piston stroke of the
hydraulic piston, the mechanism being reliably operated.
Accordingly, it is possible to provide the vehicle wet-type
multi-plate brake device which constantly maintains the pis-
ton operation oil quantity at the starting time and the high-
speed driving time, prevents the brake dragging, and then
prevents the loss torque, thereby reducing the deterioration in
fuel efficiency and improving the driving feeling.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a sectional diagram illustrating a vehicle wet-type
multi-plate brake device according to an embodiment of the
invention.

FIG. 2 is a diagram taken along the arrow A-A shown in
FIG. 1.

FIG. 3 is an enlarged explanatory diagram illustrating a B
part shown in FIG. 1.

FIG. 4 is a sectional diagram illustrating a main part of the
vehicle wet-type multi-plate brake device according to the
conventional art.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, an embodiment of the invention will be
described in detail with reference to the accompanying draw-
ings. Here, although the dimension, the material, the shape,
the relative arrangement, and the like of the component are
described in the embodiment, the scope of the invention is not
limited thereto so long as a particular description is not made,
but those are only examples for a description.

FIG. 1 is a longitudinal sectional diagram illustrating a
structure of the wet-type multi-plate brake device according
to the embodiment of the invention. FIG. 2 is a diagram taken
along the arrow A-A shown in FIG. 1.

In FIGS. 1 and 2, a wet-type multi-plate brake 1 is provided
between a vehicle body side and a wheel side, and an axle
shaft 5 is inserted through a center portion of a vehicle-body-
side axle housing 3.

An inner-peripheral side of a frame support 7 formed in an
annular shape is fixed to a flange portion 11 of the axle
housing 3 by the use of a plurality of bolts 9 and an outer-
peripheral side of the frame support 7 is fixed to a vehicle-
body-side frame 15 by the use of a plurality of bolts 13.
Additionally, an inner-peripheral side of a piston housing 17
is fixed to the axle housing 3 together with the frame support
7 by the use of the plurality of bolts 9 used to fix the inner-
peripheral side of the frame support 7.

One end side of a wheel hub 19 is fixed to a flange portion
21 formed in an axial end of the axle shaft 5 by the use of a
plurality of bolts 23, and the other end thereof is provided
with a brake hub 25. Additionally, an outside of the wheel hub
19 is provided with an outside flange 27, and a rim 33 of a
vehicle wheel 31 is fixed to the outside flange 27 by the use of
a plurality of bolts 29.

Bearings 35 and 36 are provided to axially support the
wheel hub 19 to the outer periphery of the end of the axle
housing 3. The bearings 35 and 36 include two roller bearings

20

25

30

35

40

45

50

55

60

65

6

capable of receiving the pressure of a radial load and a thrust
load. Additionally, a seal ring 37 is provided between the
inner periphery of the wheel hub 19 and the outer periphery of
the end of the axle housing 3 so as to be disposed between the
two bearings 35 and 36. Further, a nut 41 is provided to fix the
bearings 35 and 36, and a bolt 39 is used to stop the nut 41
from spinning.

A brake cover 43 formed in an annular shape is fixed to a
brake housing 47 formed in an annular shape by the use of a
plurality of bolts 45. The brake housing 47 is fixed to the
piston housing 17 by the use of a plurality of bolts 49.

Additionally, the outer-peripheral side of the brake hub 25
is provided with an external gear spline, and a plurality of
friction plates 51 engages with the external gear spline so as
to be movable in an axial direction. On the other hand, the
inner periphery of the brake housing 47 is provided with an
internal gear spline, and mating plates 53 engage with the
internal gear spline so as to be movable in an axial direction
while alternating with the friction plates 51.

The inside of the piston housing 17 is provided with a
hydraulic piston hole 57 accommodating a plurality of piston
sleeves 61 and hydraulic pistons 55 in a circumferential direc-
tion. As shown in FIG. 2, the hydraulic pistons 55 are equally
provided at four positions on the front and rear sides of a brake
center P in a vehicle-longitudinal direction, respectively, that
is, eight positions in total so as to be fitted to the inside of the
hydraulic piston holes 57 and to be movable in an axial
direction.

Each hydraulic piston 55 is formed in a cylindrical shape.
The front end of the hydraulic piston comes into pressing
contact with a brake plate 52 including the friction plates 51
and the mating plates 53. The rear end of the hydraulic piston
is provided with a cavity and faces an oil chamber 59.

The piston sleeve 61 is slidably fitted to the outer periphery
of the hydraulic piston 55. Additionally, a first piston seal 63
formed of seal material such as Teflon (trade mark) and hav-
ing a substantially circular sectional shape is fitted to a con-
cave groove provided in the outer periphery of the piston
sleeve 61. Then, a second piston seal 65 formed of seal mate-
rial such as rubber and having a substantially rectangular
sectional shape is fitted to a concave groove provided in the
outer periphery of the hydraulic piston 55.

Then, a sliding resistance of the second piston seal 65 is set
to be larger than that of the first piston seal 63.

Additionally, the plurality of hydraulic pistons 55 is dis-
posed so as to penetrate piston through-holes 69 perforated in
a circumferential direction of a return plate 67 having an
annular shape. An inner diameter of each piston through-hole
69 is set so that an opening peripheral portion of the piston
through-hole 69 is brought into contact with the front end of
the piston sleeve 61, thereby forming the opening peripheral
portion as a piston sleeve contact portion 71.

Then, the return plate 67 is urged toward the oil chamber 59
by a return spring 73 configured to generate a returning force
for returning the hydraulic piston 55 to the inside of the
hydraulic piston hole 57 when a hydraulic pressure of the oil
chamber 59 is released. The return spring 73 is attached to the
return plate 67 with a spring receiver 74 interposed therebe-
tween. As shown in FIG. 2, the return springs are equally
disposed on the front and rear sides of the brake center P ina
vehicle-longitudinal direction, respectively, and are provided
at three positions on one side with two hydraulic pistons 55
interposed therebetween.

Additionally, the returning force of the return spring 73 is
set to be larger than the sliding resistance of the first concave
piston seal 63 provided in the piston sleeve 61.
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Likewise, since the hydraulic piston 55 and the return
spring 73 are equally disposed on the front and rear sides of
the brake center P in a vehicle-longitudinal direction, respec-
tively, it is possible to uniformly apply a brake force using the
hydraulic piston 55 to the vehicle wheel and to reliably carry
out a returning action of the piston sleeve 61 for each hydrau-
lic cylinder 55 without deviation. Accordingly, it is possible
to obtain the brake device provided with a stable and high-
precise automatic control mechanism for controlling a stroke
of the hydraulic piston.

When the return plate 67 moves by a distance C shown in
FIG. 1, the movement of the return plate is regulated since the
return plate comes into contact with a stopper 75.

After the movement of the return plate 67 is regulated, only
the hydraulic piston 55 advances further and comes into
pressing contact with the brake plate including the friction
plates 51 and the mating plates 53.

Additionally, the oil chamber 59 is provided for each
hydraulic piston 55, and the hydraulic pressure is supplied
thereto via an operation passageway (not shown) in accor-
dance with a driver’s brake operation.

The wet-type multi-plate brake device has the above-de-
scribed configuration. Next, the automatic control mecha-
nism for controlling the piston stroke of the hydraulic piston
55 will be described with reference to FIG. 3 together with the
brake operation.

First, when the hydraulic pressure is supplied to the oil
chamber 59 in terms of the brake operation, since the sliding
resistance of the second piston seal 65 is larger than that of the
first piston seal 63, the piston sleeve 61 starts to move together
with the hydraulic piston 55. When the movement is started,
since the hydraulic pressure acts on the rear-end surface of the
hydraulic piston 55 and the rear-end surface of the piston
sleeve 61, the hydraulic piston 55 and the piston sleeve 61 are
extruded together.

Subsequently, the front end of the piston sleeve 61 comes
into contact with the piston sleeve contact portion 71 formed
by the opening peripheral portion of the return plate 67, and
moves the return plate 67 up to the stopper 75 by the prede-
termined distance C against the returning force of the return
spring 73.

Subsequently, again, in terms of the hydraulic action, only
the hydraulic piston 55 advances and comes into pressing
contact with the brake plate 52 including the friction plates 51
and the mating plates 53, thereby generating the brake force.

Subsequently, when the hydraulic pressure is released in
the oil chamber 59 in terms of a driver’s brake release opera-
tion, the return plate 67 returns by the predetermined distance
C together with the piston sleeve 61 and the hydraulic piston
55 in terms of the returning force of the return spring 73
attached to the returning plate 67, thereby becoming an initial
state.

At the time of retuning to the initial state, a positional
relationship between the hydraulic piston 55 and the piston
sleeve 61 is constantly maintained, and an initial gap is set to
the distance C.

Subsequently, when the hydraulic pressure is applied to the
oil chamber 59 by operating the brake again, the brake plate
52 is pressed in a state where the piston sleeve 61 just slides
on the return plate 67, and the positional relationship between
the piston sleeve 61 and the hydraulic piston 55 is maintained
at the predetermined relationship.

Then, when the brake plate 52 including the friction plates
51 and the mating plates 53 is abraded, only the hydraulic
piston 55 slightly slides in an advancing direction, and a new
positional relationship between the hydraulic piston 55 and
the piston sleeve 61 is created at the advanced position. The
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stroke (movement oil quantity) of the hydraulic piston 55 is
constantly maintained at the distance C, and the brake opera-
tion is carried out.

According to the above-described embodiment, since the
automatic control mechanism for constantly controlling the
piston stroke of the hydraulic piston 55 has a configuration in
which the piston sleeve 61 is provided for each of the plurality
of hydraulic pistons 55 provided in a circumferential direc-
tion, it is possible to obtain the automatic control mechanism
which is more stable and precise than the automatic control
mechanism using one annular hydraulic piston according to
the conventional art.

Additionally, the annular piston sleeve 61 is slidably pro-
vided between the outer-peripheral surface of the hydraulic
piston 55 and the inner-peripheral surface of the hydraulic
piston hole 57 accommodating the hydraulic piston 55. The
piston sleeve 61 has the sliding resistance so as to move
together with the hydraulic piston 55 when the hydraulic
pressure is supplied to the oil chamber 59. Additionally, the
return plate 67 urged by the returning force of the return
spring 73 comes into contact with only the piston sleeve 61 so
as to move by the predetermined distance together with the
pistonsleeve 61. When the hydraulic pressure is applied to the
oil chamber 59, the hydraulic piston 55 moves together with
the piston sleeve 61 by the predetermined distance C against
the returning force of the return plate 67. Subsequently, only
the hydraulic piston 55 slides until coming into contact with
the brake plate 52. With such a configuration, since the posi-
tional relationship between the hydraulic piston 55 and the
piston sleeve 61 is constantly maintained so that the hydraulic
piston comes into contact with the brake plate 52, it is possible
to constantly maintain the stroke (movement oil quantity) of
the hydraulic piston 55 at the distance C.

As a result, it is possible to reduce deterioration in fuel
efficiency by preventing brake dragging at a starting time and
a high-speed driving time and by preventing loss torque.

Additionally, since the return plate 67 urged by the return-
ing force of the return spring 73 returns to the initial position
by being directly brought into contact with the piston sleeve
61, it is possible to accurately set the initial position and thus
to obtain the high-precise automatic control mechanism.

Further, the return plate 67 is formed in an annular shape
and the piston through-hole 69, through which the hydraulic
piston 55 is inserted, is perforated in a circumferential direc-
tion so as to correspond to the position of the hydraulic piston
55. The piston sleeve contact portion 71 is provided in the
opening peripheral portion of the piston through-hole 69 so as
to come into contact with the front end of the piston sleeve 61.
With such a simple configuration of the return plate 67 and the
piston sleeve 61, it is possible to obtain the automatic control
mechanism for reliably controlling the piston stroke.

Furthermore, since the sliding range of the return plate 67
is set by the use of the end surfaces of the brake housing 47
and the piston housing 17, it is possible to reliably set the
predetermined distance C with a simple configuration.
Industrial Applicability

According to the invention, in the vehicle wet-type multi-
plate brake device which includes the plurality of hydraulic
pistons provided in a circumferential direction around the
brake center and the oil chamber provided for each hydraulic
piston so as to supply operation oil thereto, it is possible to
obtain the automatic control mechanism having a simple
configuration and constantly maintaining the piston stroke of
the hydraulic piston, the mechanism being reliably operated.
Accordingly, it is possible to provide the vehicle wet-type
multi-plate brake device which prevents the brake dragging at
the starting time and the high-speed driving time, and pre-
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vents loss torque, thereby reducing the deterioration in fuel
efficiency and further improving the driving feeling.

The invention claimed is:

1. A vehicle wet-type multi-plate brake device in which a
mating plate attached to a frame support connected to an axle
housing is configured to engage with or disengage from a
friction plate attached to a brake hub connected to an axle
shaft by a plurality of hydraulic pistons, the hydraulic pistons
being provided in a circumferential direction around a brake
center and each hydraulic piston being provided with an oil
chamber to which operation oil acting on each hydraulic
piston is supplied,

wherein an annular piston sleeve is slidably provided

between an inner-peripheral surface of a piston housing
and an outer-peripheral surface of the hydraulic piston,
an inner peripheral surfaces of the annular piston sleeves
defining a plurality of hydraulic piston holes accommo-
dating the hydraulic pistons,

wherein the piston sleeve has a sliding resistance so as to

move together with each hydraulic piston upon supply-
ing a hydraulic pressure to the oil chamber, wherein a
return plate urged by a returning force is disposed so as
to be capable of coming into contact with a front end of
the piston sleeve and of moving by a predetermined
distance,

wherein upon supplying the hydraulic pressure to the oil

chamber, the hydraulic piston and the piston sleeve
move together by the predetermined distance against the
returning force of the return plate, and then only the
hydraulic piston slides until coming into contact with a
brake plate, including the friction plate and the mating
plate, so that a positional relationship between the piston
sleeve and the hydraulic piston is controlled to maintain
a constant piston stroke of the hydraulic piston, and
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wherein the return plate is annular in shape and defines a
plurality of piston through-holes, penetrating the return
plate, formed at an equal distance from a center of the
return plate,

wherein the hydraulic pistons are inserted in the plurality
of piston through-holes, and

wherein the return plate has a plurality of piston sleeve
contact portions, formed in a periphery of the plurality of
piston through-holes, that come into contact with the
front end of the piston sleeves.

2. The vehicle wet-type multi-plate brake device according

to claim 1,

wherein a first piston seal is provided on an outer-periph-
eral side of each piston sleeve and a second piston seal is
provided on an inner-peripheral side of each piston
sleeve, and

wherein a sliding resistance of the second piston seals is
larger than that of the first piston seals.

3. The vehicle wet-type multi-plate brake device according
to claim 1, wherein the plurality of hydraulic pistons provided
in a circumferential direction around the brake center are
equally arranged in a vehicle-longitudinal direction centered
on the brake center.

4. The vehicle wet-type multi-plate brake device according
to claim 1, wherein the return plate is urged by a return force
of a return spring, and

wherein the return spring is equally disposed in a vehicle-
longitudinal direction centered on the brake center.

5. The vehicle wet-type multi-plate brake device according
to claim 1, wherein a constant sliding range of the return plate
is maintained by end surfaces of the piston housings that
house each hydraulic piston and a brake housing the houses
the brake plate.



